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Abstract 
This paper deals with an innovative fiber laser welding method for engineering plastics assisted by a solid heat 
sink transparent to the laser beam for preventing any thermal damage on the surface. The features of this fiber laser 
welding procedure are (1) to place a solid heat sink transparent to the fiber laser beam in contact with an irradiated 
plastics to cool the surface during welding process, (2) to use no pigmentation or dye for radiation absorption 
enhancement, (3) to sustain thermal damage on the surface, and (4) to avoid the emission of harmful gas due to 
decomposition of plastics. 
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1. Introduction  
 
Plastics joining technology has now been focused in the industries of automobile, telecommunication, 
construction as well as in the medical manufacturing. Conventional plastic joining methods so far such as adhesives, 
fasteners, hot plate welding, ultrasonic or vibration welding have been established to a certain extent but may no 
longer suffice in the recent plastics industry [1]. On the other hand, development of welding procedures utilizing a 
diode lasers have become prominent in the plastics industry in recent years [2-5]. In addition, the laser welding 
procedures other than a diode laser used as a radiation source began to attract their attention from point of welding 
conditions such as materials of plastics, precise welding and particularly the medical devices manufacturing. 
The laser welding of plastics can be classified into three groups based on radiation sources as follows:  
 
• A diode laser welding of plastics 
• CO2 laser welding of plastics 
• Other laser welding of plastics such as YAG, CO, fiber lasers and so on 
 
 
* Corresponding author. Tel. & Fax.: +81-42-443-5812 
E-mail address: kurosaki@crc.uec.ac.jp 
c⃝ 2010 Published by Elsevier B.V.
Physics Procedia 5 (2010) 173–181
www.elsevier.com/locate/procedia
1875-3892 c⃝ 2010 Published by Elsevier B.V.
doi:10.1016/j.phpro.2010.08.042
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
 Author name / Physics Procedia 00 (2010) 000–000 
The diode laser welding procedure is certainly the most popular in industries in a decade. The first two groups of 
laser welding of plastics above will be briefly reviewed below. Then, a fiber laser welding of plastics belonging to 
the last group is treated in this paper. 
 
1.1. Objectives 
The principle of a novel fiber laser welding method for plastics assisted a solid heat sink transparent to a laser 
beam placed in contact with the irradiated surface of plastics to prevent the surface damage is explained. The 
feasibility of fiber laser welding of overlapped polymer films by using a novel method is investigated. 
  
1.2. Conventional infrared laser welding of plastics 
Diode laser TTIr welding method: 
 
The diode laser plastic welding has been popular and widely used as s suitable infrared radiation sources [1-5], 
because it is easy to handle and to produce a radiation beam with high power density (the emission wavelength is 
from 0.8 to 1 μm). 
Overlap welding of thermoplastic films using the infrared laser penetration process has been noted as the so-
called Through-Transmission Infrared Laser (TTIr) welding method [2]. The principle of this welding method is 
schematically shown in Fig. 1. In TTIr welding, the plastics (transparent part) placed in the irradiated side must have 
high transmittance for laser light from a radiation source. The opaque plastics (absorbing part) in the vicinity of the 
interface must have high absorption of the laser. The laser beam advances towards the weld interface from the inside 
of the transparent part. The beam passing through the transparent part to the interface of the absorbing part causes 
very little heat generation on route. Due to the intense absorption of the laser beam at the interface of the absorbing 
part, very rapid selective heating and cooling are achieved. Therefore, TTIr welding is mostly capable of welding 
thermoplastics with excellent surface quality and high efficiency. In most cases of actual TTIr welding, it is 
necessary to use pigments to enhance the infrared absorption in the absorbing part.  
However, it is not always advisable to use pigments considering the risks of toxic effects in medical appliances. 
This welding method cannot be also applied to weld two plastics transparent to the laser beam.  
 
CO2 laser penetration welding method:  
 
There exists another direct radiation welding technique using an infrared penetration process the principle of 
which is shown in Fig. 2. The overlapped thermoplastic parts can be welded when the irradiated part has an 
adequate capability to absorb infrared radiation to melt the region of interface to be welded. The interface is heated 
up both by direct absorption of infrared radiation and by heat conduction from the irradiated side. A CO2 laser 
(wavelength = 10.6 ȝm) is one of typical radiation sources in this infrared welding because most plastics will easily 
absorb the CO2 laser light. The CO2 laser penetration welding of polyethylene and polypropylene thin films 
(thickness = 0.01 - 0.5 mm) has been tried [6].  
However, unfortunately, the irradiated surface is severely damaged due to the intense absorption of infrared 
radiation in the plastics. It has been seen that this CO2 direct radiation welding process is easily generates the defects 
such as distortion, burns, perforation and other undesirable degradations. So the direct radiation of CO2 laser on 
plastics has been considered to be inadequate for plastics welding so far. 
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2. A novel infrared laser welding method of plastics 
 
2.1  Principle of the welding method 
One of authors has developed a novel welding technique for overlapped thermoplastics without causing surface 
thermal damages from the point of view of heat transfer [7]. The principle of this infrared laser welding technique is 
schematically shown in Fig. 3. It is based on the combination of the heating due to penetrating infrared laser and the 
cooling due to thermal diffusion of a heat sink. The solid heat sink transparent to the laser placed in contact with an 
irradiated surface of thermoplastic plays an important role in the system during radiation heating.  
A typical temperature profile in the plastic at a certain elapsed time after laser irradiation is also illustrated in Fig. 
3. After the radiation beam passes through a solid heat sink, then, it penetrates into the thermoplastic (A). As the 
thermoplastic (A) is an absorber of the radiation, the intensity of the radiation beam decreases exponentially in the 
thin layer near the surface where the absorbed energy is then converted into heat in the thin layer. Then, the 
transparent heat sink placed in contact with the surface of the thermoplastic diffusively absorbs the thermal energy 
from the thermoplastic through the contact surface, because the thermal diffusivity of solid heat sink is about 100 
times larger than that of plastics. The temperature of a thin layer near the irradiated surface is therefore suppressed 
from rising; consequently the irradiated surface is restrained from thermal damage. Additionally evaporation of 
some gas emitted from the damaged surface is often restrained. 
The emergence of the temperature peaks in a certain depth inside the thermoplastic shown in Fig. 3 was 
theoretically verified [8, 9]. The reason is that the thermal energy due to the laser beam arriving at a little deeper 
region from the irradiated surface cannot diffuse back to the heat sink due to the very low thermal diffusivity of the 
thermoplastic compared to that of the transparent heat sink. We can say that the thermal energy is trapped within the 
inside of plastics and contributes to temperature rise in deeper region instead of the surface of plastics. The 
appearance of a temperature peak suggests that an optimized welding can be initiated at that depth. 
The features of this infrared laser welding procedure with a transparent heat sink are as follows: 
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• The top part of the thermoplastic irradiated by a laser beam should be an absorber of radiation light.  
• The solid heat sink placed in contact with the surface of the top part of the thermoplastic should be 
transparent to radiation light and should have much higher thermal diffusivity than that of the thermoplastic 
to be welded.  
• It is not essential for the bottom part of the thermoplastic to be a strong absorber of laser light as in the 
conventional TTIR welding.  
• No pigmentation of thermoplastic parts is required, and no evaporated gas is emitted from the irradiated 
plastic surface. 
• Evaporation of gas from the plastic is restrained.  
 
2.2. Choice of infrared radiation source 
A few infrared radiation heat sources are possible to be used: a diode laser, YAG laser, CO laser, CO2 laser and 
so on. A choice of laser is dependent on the optical properties of plastics to be welded. 
We reported that the feasibilities of welding of polyolefin and fluorocarbon polymer films using CO2 laser 
assisted by a transparent solid heat sink have been shown in the past studies [7-10]. However, it is impossible for 
even this procedure to weld thick sheets (more than 0.5mm) of some ordinary engineering plastics that strongly 
absorb a CO2 laser in a wide region of wavelength. Therefore, sufficient laser energy cannot be supplied to the place 
to be welded. In order to predict the possibility of welding using lasers it is important to measure the transmittances 
of plastics in advance.  
The infrared spectral transmittances of eight kinds of plastics such as polybutylene terephthalate (PBT), 
polyethylene terephthalate (PET), polycarbonate (PC), polyamide 6 (PA6), polyoxymethylene (POM), 
polypropylene (PP), polymethyl methacrylate (PMMA) and polyvinyl chloride (PVC), are seen to be strongly 
dependent on the wavelength as shown in Fig. 4. The transmittances of all these plastics have very low values, at 
10.6ȝm (wavelength of CO2 laser).  
 
 
 
 
 
Fig.3.  Principle of a novel infrared radiation welding procedure with a transparent heat sink 
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On the other hand, these plastics have moderate transmittance and absorption for Thulium-doped fiber laser 
(Tm: fiber laser), which has a emitting wavelength of 1.94 ȝm. Therefore, the laser energy can penetrate into the 
plastic. The welding with no surface damage using the fiber laser by a novel procedure is expected as shown in Fig. 
3. If a CO2 laser is used in this case, bubbles appear near the irradiated surface, and welding is not successful. 
 
 
3. Experiments with a fiber laser 
3.1  Experimental set-up and conditions 
We tried to weld overlapped polymer films commonly used in medical equipments and devices: PC, PA6, 
PMMA and PVC. A Tm:fiber laser ( IPG Photonics TRL1904; maximum power: 50W, wavelength: 1904 nm) is 
used in the current welding experiments where the laser head is mounted in the robot arm to scan freely above the 
film surface with a solid sapphire as a heat sink transparent to the fiber laser. The spectral transmittance of sapphire 
is shown in Fig. 5. The transmittances, melting temperatures and tensile strengths of those pieces are shown in Table 
1.  
The shape and sizes of the plastic test pieces used in the experiment are shown in Fig. 6. An experimental set-up 
used in this welding procedure is schematically illustrated in Fig. 7. The overlapped work pieces in contact with a 
laser-transparent heat sink (sapphire) are clamped in the holding supports. The welding conditions in the 
experiments are summarized in Table 2. The transverse welding velocity is a variable parameter in each experiment.  
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Fig.4  Transmittance spectra of Tested Plastic sheets 
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Table 1. Transmittances, melting temperatures and tensile strength of plastics 
Material 
Transmittance % at 
1.9ȝm (t=0.5) 
Transmittance % at 
1.9ȝm (t=1.0) 
Melting 
temperature,  °C 
Tensile strength, MPa 
PBT 0.58 0.26 230 51 
PET 33.4 26.3 260 88 
PC 51.7 34.7 270 61 
PA6 34.1 17 230 75 
POM 3.2 0.86 180 60 
PP 57.4 56.9 190 32 
PMMA 57.2 41.2 190 70 
PVC 66.8 63.7 160 56 
 
 
 
 
 
 
   
  
 
 
Fig. 6.  Shape of test piece for tensile strength test 
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Fig. 5.  Transmittance spectrum of sapphire 
178 Y. Kurosaki, K. Satoh / Physics Procedia 5 (2010) 173–181
 Author name / Physics Procedia 00 (2010) 000–000  
 
 
 
Table 2. Welding conditions 
 
Laser diameter 3 mm 
Clamping pressure 0.2 MPa 
Laser incidence 45 W 
Working distance 175 mm 
 
4. Results and discussions 
It has been confirmed that no surface damage occurs in overlap welding in conjunction with a heat sink for all 
plastics used in the experiment. The micrographs of cross-sections of the welded zones are obtained and shown in 
Figs. 8, 9, 10 and 11. It is seen that the welded zone in each experiment are looked well melted together with two 
substrates, because the boundary of the interface between two substrates disappears. The dashed lines shown in the 
figures display the molten regions by laser.  
We proved to weld thicker substrates of both PC and PVC (3 mm thickness) because those plastics are often 
used in medical field. The fiber laser was scanned along the 40 mm length square on the surface. Those substrates 
were well welded by the current welding method without any thermal damage on the surface as shown in the 
photographs in Fig. 12. This is one of evidences that the current fiber laser welding of plastics with a solid heat sink 
transparent to laser is promising in manufacturing of medical devices [11]. 
 
5. Conclusions 
 
• The overlap novel welding method using Tm: fiber laser has achieved non-thermal damage on the surfaces 
for four kinds of plastics (PC, PA6, PP and PVC) often used in manufacturing medical equipments and 
devices. The similar CO2 laser welding was unsuccessful in the welding. 
 
• The materials (PC, PP, PVC) having high transmittances require lower velocities of laser head on the 
surface because of ample heat generation cannot be expected by low absorption at the interface due to 
higher laser moving velocity. 
 
• The melting temperature does not clearly influence on choice of the welding velocity. 
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Fig. 12.  Welded PC and PVC work pieces (thickness=3.0mm) 
(a) PC, welding velocity: 5mm/s, laser incidence: 45W;  (b) PVC welding velocity: 5mm/s, laser incidence: 45W 
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Fig. 8.  Micrographs of the cross sections of welded zones of the 
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Fig. 10.  Micrographs of the cross sections of welded zones of the 
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Fig. 11.  Micrographs of the cross sections of welded zones of 
the welded sheets (PVC)
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Fig. 9.  Micrographs of the cross sections of welded zones of the 
welded sheets (PC) 
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